Military personnel generally under-consume n-3 fatty acids and overconsume n-6 fatty acids. In a placebo-controlled, double-blinded study, we investigated whether a diet suitable for implementation in military dining facilities and civilian cafeterias could benefit n-3/n-6 fatty acid status of consumers. Three volunteer groups were provided different diets for 10 weeks. Control (CON) participants consumed meals from the US Military's Standard Garrison Dining Facility Menu. Experimental, moderate (EXP-Mod) and experimental-high (EXP-High) participants consumed the same meals, but high n-6 fatty acid and low n-3 fatty acid containing chicken, egg, oils and food ingredients were replaced with products having less n-6 fatty acids and more n-3 fatty acids. The EXP-High participants also consumed smoothies containing 1000 mg n-3 fatty acids per serving, whereas other participants received placebo smoothies. Plasma and erythrocyte EPA and DHA in CON group remained unchanged throughout, whereas EPA, DHA and Omega-3 Index increased in EXP-Mod and EXP-High groups, and were higher than in CON group after 5 weeks. After 10 weeks, Omega-3 Index in EXP-High group had increased further. No participants exhibited changes in fasting plasma TAG, total cholesterol, LDL, HDL, mood or emotional reactivity. Replacing high linoleic acid (LA) containing foods in dining facility menus with similar high oleic acid/low LA and high n-3 fatty acid foods can improve n-6/n-3 blood fatty acid status after 5 weeks. The diets were well accepted and suitable for implementation in group feeding settings like military dining facilities and civilian cafeterias.
of AA, which in turn leads to formation of pro-inflammatory and pro-thrombotic mediators. Some research suggests that consuming high amounts of LA increases risk of cardiovascular and CHD (4, 5) . Other research suggests that increases in n-3 fatty acid consumption may have beneficial effects on a variety of human diseases including cardiovascular (6, 7) and proinflammatory diseases (8, 9) , as well as psychiatric and neurological disorders (10) (11) (12) and possibly obesity (13) . In a postmortem, case-control study (14) , the risk of suicide among active-duty military personnel was found to increase with decreasing blood DHA levels, suggesting that this population might especially benefit from effective dietary interventions to improve their n-3 PUFA status. Developing new dietary approaches that enhance health, performance and resilience of service members is a research priority for the Defense Science Board of the US Department of Defense (15) , with clear translational benefits to the general population. One such approach of particular interest is to elevate levels of n-3, and lower n-6 fatty acids in military diets (16) .
Previous research has demonstrated that decreasing n-6 PUFA intake and increasing n-3 PUFA intake can improve n-3 HUFA status, but the interventions tested imposed a substantial dietary adjustment, required significant compliance monitoring and were unlikely to be feasible or effective for populations dining ad libitum (17) (18) (19) . Therefore, this study aimed to determine if a dietary adjustment suitable for implementation in group dining facilities could provide benefits for n fatty acid status. We hypothesised that swapping high oleic acid/low LA foods and high n-3 fatty acid foods for 'like' high LA containing foods and food ingredients in the US Military's Standard 28-day Garrison Dining Facility Menu would improve blood fatty acid and lipid profiles, and indices of mood and emotional reactivity of diners. Using a modelling approach, we previously demonstrated that swapping low n-6 and high n-3 food ingredients for the standard ingredients used in that menu had the potential to increase Omega-3 Index from 3·0 to 6·5 (20) . In addition, we assessed effects of a second intervention diet employing all of the same food item swaps, but also providing a food (a 'smoothie') supplemented with n-3 fatty acids, to determine if additional n-3 fatty acid supplementation would be necessary to positively affect fatty acid and lipid profiles and mood and emotional measures. To evaluate whether the interventions would have practical application for military settings, we assessed effects of the dietary interventions after a 10-week period, to mimic the durations of many military training programs, when trainees subsist entirely or nearly entirely in a Military Garrison Dining Facility.
Methods

Study design and participants
The study was a placebo-controlled, double-blinded study in which participants were randomised into one of three parallel groups, each of which was provided a different diet to consume for 10 weeks. The participants and scientific team were blinded to randomisation groups, but study dietitians and metabolic kitchen staff were not blinded, due to the nature of the nutrition intervention. The control (CON) group consumed a daily diet in which meals were based on the standard US Military 28-day Garrison Dining Facility Menu. The experimental moderate group (EXP-Mod) consumed a daily diet comprised of the same meals, but in which high n-6 and low n-3 containing chicken, egg and oil foods and food ingredients were replaced with indistinguishable products specially produced to have lower proportion of n-6 and higher n-3 fatty acids. The experimental-high (EXP-High) group consumed the same daily diet as EXP-Mod, but also consumed a smoothie containing 1000 mg of n-3 fatty acids per 200 ml serving; the CON and EXP-Mod groups received a matching placebo smoothie. The CON, EXP-Mod and EXP-High diets all provided participants the same total energy per kg body weight and the same fractional macronutrient distribution, but as described above, differed in the quantity of n-3 and n-6 fatty acids.
In all, seventy-eight healthy male and female civilians, aged 18-40 years, living in the Baton Rouge, LA region, and not employed by the organisations sponsoring this investigation participated in this study. The Consort Diagram shown in Fig. 1 depicts the recruitment, screening, selection and randomisation of participants in the study. Participants were randomised to one of the three groups (CON, EXP-Med, EXP-High) using a computer-generated random ID number once the individual was deemed eligible for the study, signed the informed consent and health insurance portability and accountability documents, and completed screening procedures. The randomisation process balanced sex across the three study groups. Participants were all omnivores and agreed to discontinue use of dietary supplements and limit alcohol intake to moderate levels (as per Dietary Guidelines for Americans, 2010) for the duration of the study. Individuals with clinically significant disease, psychiatric disorders, medical conditions requiring use of medications, or changes in body weight >10 % over the 2 months before enrolment were excluded. Other inclusion and exclusion criteria were used to enroll a participant pool comparable in general health, age, body weight and BMI to the active-duty military population. Recruitment of participants began in August 2012, and data collection from participants was completed in November 2013.
After enrolment and assignment to study groups, participants completed baseline testing (week 0). For the next 10 weeks (feeding phase, weeks 1-10), participants consumed the prescribed CON, EXP-Mod or EXP-High diets. Baseline testing included self-reported demographics, anthropometry (body weight, height, body composition), 24-h automated multiple pass method and 30-d food frequency assessments, measurement of RMR, blood sampling for fatty acid and blood lipid analyses, and cognitive/emotional tests. Race/ethnicity was self-reported by the participants using the multiple question approach recommended by the US Office of Management and Budget for human research in the USA (21) . Blood sampling for fatty acid and blood lipid analyses, and cognitive/emotional tests were repeated during the feeding phase in weeks 5 and again in week 10, and each participant's body weight was recorded daily, except for weekends during feeding phase of the study. Body composition was reassessed in week 10.
This study was conducted at the Pennington Biomedical Research Center in Baton Rouge, LA, according to the guidelines laid down in the Declaration of Helsinki, and all procedures involving human participants were reviewed and approved by the Pennington Human Subjects Institutional Review Board. All volunteers provided signed, informed consent to participate in the study. All foods consumed by participants during the feeding phase of the study were prepared in the metabolic kitchen of the Pennington Biomedical Research Center. This trial was registered at ClinicalTrials.gov PRS with the identifier NCT01642368.
Dietary interventions
The standard US Military 28-day Garrison Dining Facility Menu (22) was used to create an 8-d menu cycle, with twenty-four meals, each of which could be configured to provide the same nutrient distribution at four levels of energy content (6276, 8368, 10 460, 12 552 kJ (1500, 2000, 2500 and 3000 kcal)). Individual food items were prepared according to the US Armed Forces Recipe Services Index (23) . As described above, the foods consumed by the CON, EXP-Mod and EXP-High diet groups were indistinguishable and followed the same 8-d menu plan. However, the EXP-Mod and EXP-High diets substituted commercially produced high oleic acid/low LA foods and foods containing high amounts of n-3 HUFA for 'like' foods in the standard CON diet that contained high amounts of LA and low amounts of n-3 HUFA. The low n-6/ high n-3 fatty acid containing foods and food items substituted into the intervention diets included eggs, chicken, albacore tuna, grass-fed beef, peanut butter, cooking oils and condiments (dressings, spreads and sauces). In addition, the EXP-High group was provided high n-3 HUFA containing smoothie drinks, and the other two groups were provided matching placebo smoothie drinks. The specialty food products were commercially available or produced specifically for this study (chicken and eggs), and provided for use in the study at no cost by a number of vendors, whose contributions are acknowledged at the end of this paper. All of the food products were produced, stored and shipped to Pennington Biomedical Research Center according to US Department of Agriculture standards. The online Supplementary Tables S1 and S2 provide a detailed listing of the fatty acid composition of the individual foods provided to each of the participant groups during the course of the study.
The diets were individually adjusted for each participant to ensure that total daily energy intake was sufficient to maintain constant body weight over the 10-week study. Individual daily energy requirements were initially estimated as the average of the measured RMR and the predicted RMR using the Mifflin equation (24) , both multiplied by an activity factor of 1·5, and then rounded to the nearest 418 kJ (100 kcal). If the participant's energy requirement fell between two of the menu's standardised energy content levels, unit foods matching the overall macronutrient distribution (including fatty acids) of the menu were added to the lower energy content menu in 418 kJ (100 kcal) increments until the desired energy intake was achieved. For the duration of the 10-week study, participants consumed weekday breakfast and dinner meals onsite at Pennington Biomedical Research Center, and were provided with lunch and weekend meals packed 'to go'. Participants were required to consume all foods provided at each meal, and compliance was monitored by Pennington's dietetic support staff who supervised consumption of meals onsite. For meals provided for offsite consumption participants completed a checklist of items consumed at each meal, and any additional items consumed that were not provided by study staff, and when they returned to the Center for their next onsite meal, they provided this checklist to the dietetic staff for review and monitoring of dietary compliance. Each participant's body weight was measured each weekday morning when he/she arrived for breakfast, and individual diets were adjusted as needed throughout the study to increase or decrease energy content if body weight appeared to be increasing or decreasing.
Each individual's daily energy and macronutrient intakes were estimated from foods consumed using computerised dietary nutrient analysis software (the Pennington MENu database, an inhouse database and software system that uses the US Department of Agriculture's National Nutrient Database for Standard Reference). In addition, the fatty acid composition of each food and the average fatty acid composition of the volunteers' daily diet were determined. At the Pennington Metabolic kitchen, each type of food used in the diets and a homogenate of all foods comprising each of the 8d of the menu cycle were frozen at −40°C and shipped to the National Institute on Alcoholism and Alcohol Abuse, National Institutes of Health for analysis. Three samples of each type of food and each homogenate were thawed, weighed on an analytic balance and immediately placed into 2 ml cold methanol that contained 50 mg butylated hydroxytoluene/ml. A known mass of 22 : 3n-3 methyl ester internal standard (Nu-Chek-Prep) was added to the solution. These samples in solution were homogenised mechanically with the TH-01 handheld homogenizer (OMNI International), chilled in an outer ice bath, and subsequently capped under N. Fatty acids were extracted from these food and homogenate samples using a modification of the method of Folch et al. (25) by using chloroform-methanol solvents in a 1:1 ratio and an aqueous phosphate buffer solution. Lipids were recovered into the chloroform layer after two extractions. This fraction was evaporated under N and transesterified (26) The fatty acid analyses employed high-throughput robotic direct methylation coupled with fast GLC using an Agilent Technologies 7890 with a flame ionization detector (27) . Peaks were identified by using authentic standards (Nu-Check-Prep). Fatty acids were quantified by comparison with peak areas of the identified 22 : 3n-3 internal standard peaks. The analysis has an inter-assay variance of <0·5 % fatty acid composition. The average daily fatty acid intake was obtained by averaging the fatty acid content of the foods provided for each of the 8 d, and then multiplying by the average amount of food consumed each day during the dietary intervention period.
After completing each week of the study, the participants were asked to rate their satisfaction with their diet. The participants' diet satisfaction ratings were obtained using a numerical scale. The scale ranged from 1 to 7, and was anchored with the written cues 'dislike extremely', 'neither like nor dislike', and 'like extremely' at the values of 1, 4 and 7, respectively.
Blood sampling and analyses
To evaluate the effect of the dietary intervention on blood lipids and fatty acids, blood samples were obtained from participants during the baseline testing (week 0), midway through the study (week 5) and at the end of the study (week 10). Blood samples for determination of fatty acid concentrations in plasma and erythrocytes and for plasma total TAG, cholesterol, HDL and LDL concentrations were obtained by venepuncture with the participants in the seated position following a 12-h fast. Samples were collected into a 10 ml draw tube containing K2EDTA. All blood samples were immediately placed on ice and transported to the laboratory for specimen processing. The draw tubes were centrifuged at 4°C, 2095 relative centrifugal force (g) for 10 min in a Beckman Coulter X-15R centrifuge with swinging buckets. Aliquots (0·5 ml) of plasma and erythrocytes were transferred to polypropylene micro tubes utilising caps with o-ring closure, and placed in frozen storage within 1 h of sample collection and stored at −70°C, in a Thermo Fisher Scientific ultra-low freezer model 907.
Samples for plasma and erythrocyte fatty acid analysis were shipped frozen on dry ice to the Section of Nutritional Neurosciences, Laboratory of Membrane Biochemistry and Biophysics, National Institute on Alcoholism and Alcohol Abuse, National Institutes of Health for fatty acid analysis. Plasma and erythrocyte samples were assayed for fatty acid composition in total lipids as previously described (27) . The values of fatty acids in total lipids of plasma and erythrocytes are presented as concentration (nmol/ml). The Omega-3 Index was calculated as the sum of the erythrocyte EPA and DHA content expressed as a percentage of the total erythrocyte fatty acid content (28) .
Samples for plasma total TAG, cholesterol, HDL and LDL concentrations were shipped frozen on dry ice to the US Army Research Institute of Environmental Medicine. Lipid profiles were assayed on a Siemens Dimension Xpand Plus Integrated Chemistry System, using Siemens automated flex cartridges for TAG, cholesterol, HDL and LDL (Siemens Healthcare Diagnostics). Each sample was run in duplicate. The inter-assay CV were 4·94, 1·74, 3·88 and 5·04 % for TAG, cholesterol, HDL and LDL, respectively.
Anthropometric measurements
Body weights were measured to the nearest 0·1 kg on a GSE 460 scale. Participants were instructed to remove all outer clothing (i.e. jackets, sweaters and any heavy items carried in pocketschange, phones, wallets, etc.) and shoes before weight measurement. Two body weight measurements were recorded, and averaged for use in the BMI calculation. Height was measured to the nearest 0·1 cm using a wall-mounted stadiometer (Holtain Limited). Heights were measured without shoes (in socks or bare feet) with heels, buttocks and upper part of back in contact with the stadiometer. The participant was instructed to take a breath and hold while remaining flat footed. Two height measurements were recorded, with the average used for the BMI calculation (weight (kg)/square of height (m 2 )). Body composition was estimated using dual-energy X-ray absorptiometry (Lunar iDXA; General Electric), which provided an estimation of each participant's lean and fat mass.
Mood/emotional state
To evaluate the effect of the dietary intervention on mood and emotional state, participants completed a series of standardised tests during the baseline testing (week 0), midway through the study (week 5) and at the end of the study (week 10). The mood/emotional tests completed included the Profile of Mood States (POMS), the State-Trait Anxiety Inventory (STAI) and the Beck Depression Inventory, Second Edition (BDI-II).
The POMS is a widely used, standardised inventory of subjective mood state (29) . The POMS asks respondents to use a five-point Likert scale to describe the extent to which their current mood state ('How are you feeling right now?') corresponds to a series of sixty-five mood-related adjectives. The adjectives are grouped into six mood subscales (tension, depression, anger, vigour, fatigue and confusion (30) .
The STAI measures the severity of the overall anxiety level. The survey is divided into two subsections, each having twenty questions, to which a four-point Likert scale is used by respondents to assess two types of anxiety. The first subsection measures state anxiety (STAI-S), and the second subsection measures trait anxiety (STAI-T). The range of scores on each scale is 20-80, the higher the score indicating greater anxiety (31) . Standards exist for different populations. This scale allows comparison of mean scores in groups of subjects, or to distinguish groups with high anxiety by choosing a cut-off. STAI-S is typically used to measure individual anxiety in response to external situation for comparison with an individual's overall STAI-T, which is relatively stable.
The BDI-II is a twenty-one-item, self-report instrument that has been used for 35 years to identify and assess depressive symptoms, and has been reported to be highly reliable regardless of the population (32) . The respondent is asked to consider each statement as it relates to the way they have felt for the past 2 weeks. Each of the twenty-one items corresponds to a symptom of depression, and is summed to give a single score for the BDI-II. The BDI-II is used to identify the presence and severity of symptoms consistent with the depression criteria of the Diagnostic and Statistical Manual of Mental Disorders, 4th edition. There is a four-point scale for each item ranging from 0 to 3. Total score of 0-13 is considered minimal range, 14-19 is mild, 20-28 is moderate and 29-63 is severe.
In addition to the mood and emotional reactivity tests described above, participants completed a number of cognitive tests during baseline testing, and during the 5th and 10th week of the study. However, due to a technical error, the data from those tests were lost and will not be reported. The cognitive tests performed were: the revised eye test (33) , the emotion hexagon test (34) , the facial emotion recognition task (35) , the emotional stroop test (36) , the emotional face stroop test (37) , the immediate memory task/delayed memory task (38) .
Statistical methods
The primary outcome of interest in this study was whether the 10-week dietary intervention would significantly reduce erythrocyte n-6 HUFA concentrations and increase n-3 HUFA concentrations. We assumed that initially (i.e. pre-intervention), the percentage of total HUFA comprised of n-6 HUFA would average 77 %, with the standard deviation conservatively estimated as 6 % (1) , and that participants in CON group would exhibit no change in that metric during the intervention.
Based on modelling (20) , the percentage of total plasma HUFA comprised of n-6 HUFA was predicted to average 57 and 32 % for participants in the EXP-Mod and EXP-High groups, respectively after the 10-week intervention. We estimated (GPower 3.1.2) that the sample size required to have 90 % power for detecting these differences among groups using multiple comparisons (t tests, two independent samples, Bonferroni adjustments) was ten per group. However, to ensure adequate power for detecting smaller differences (i.e. ±1 SD) in that metric, as well as differences in the more variable measures associated with secondary outcomes (i.e. anthropometrics, mood, emotion and cognitive state, blood lipids) and adjunct studies (exercise tolerance and satiety), the sample size was increased to twenty-two per group, with a further adjustment to twenty-five to account for an expected dropout rate of 10 %.
Statistical analysis of data from participants who completed the study was performed using commercially available statistical software (IBM SPSS version 21). Descriptive statistics are presented as mean values and standard deviations except where specified. A mixed model ANOVA split-plot analysis was used to examine differences between diet groups over the 10-week dietary intervention, with diet group as the between subject factor and time as the within-subject factor. Identified differences between groups, time or interaction were examined post hoc using least squares differences test. A one-way ANOVA was used to examine differences in diet composition between groups as well as group comparisons made only at baseline. In the event that analysis didn't comply with the assumption of sphericity, Greenhouse-Geiser or Huynh-Feldt adjustments were utilised for P value. For all analyses, a P < 0·05 was used for establishing significant differences.
Results
Baseline characteristics of participants
As shown in Fig. 1 , seventy-one participants completed the study out of the seventy-eight initially enrolled. Five participants withdrew (one from EXP-Mod, four from EXP-High) citing a variety of personal reasons not specifically related to the study procedures (e.g. schedule conflicts, transportation problems). Two participants (one from each of the EXP-High and EXP-Mod) withdrew 2 d after beginning the intervention diet citing gastrointestinal symptoms which they attributed to the foods being provided. Table 1 shows the sex, racial/ethnicity, age and anthropometric characteristics of the completing participants. There were no significant differences among groups for any of these characteristics. In addition, body weight, body composition and BMI all remained unchanged from the baseline values at the end of the study (week 10). Table 2 shows the total daily energy, carbohydrate, protein, fat and fatty acids provided to participants by the CON, EXP-Mod and EXP-High diets. In order to maintain stable body weight throughout the study, average daily energy provided to participants consuming the EXP-High diet was slightly (approximately 209 kJ (50 kcal)) but significantly higher than that provided to participants consuming the EXP-Mod diet. The macronutrient Completed study (n 23)
Energy and nutrient intake
EXP-Mod (n 27)
Completed study (n 25) Discontinued study (n 2) • personal reasons (n 1) • adverse event (n 1)
Completed study (n 23) Discontinued study (n 2) • personal reasons (n 1) • adverse event (n 1) EXP-High (n 28)
Allocation
Follow-up and analysis content of the three diets did not differ. As shown in Table 2 , there were significant differences in the fatty acid content of the three diets. The EXP-Mod and EXP-High diets were lower in SFA, and higher in MUFA, particularly n-9 (primarily oleic acid), than the CON diet. Both the EXP-Mod and EXP-High diets were considerably lower in n-6 PUFA than the CON diet. In particular, LA intake averaged 3·3 and 3·2 % energy intake for participants in the EXP-Mod and EXP-High groups, respectively, compared with 8·7 % of energy intake in the CON group participants. The n-3
PUFA content of the EXP-High diet was higher than both the CON and EXP-Mod diets, which did not differ. The n-3 HUFA content of the EXP-Mod and EXP-High diets was higher than that of the CON diet, and the n-3 HUFA content of the EXP-High diet was higher than that of the EXP-Mod diet. There were no differences between groups in the participants' ratings of satisfaction with their prescribed diet at the end of each week of the study. Overall, satisfaction ratings averaged 5·02 (SD 1·04) after the 1st week on the diets, but after the 4th week 
176 73 904 b 482 1928 a,b 736 CON, control; EXP-Mod, experimental, moderate n-3 supplemented group; EXP-High, experimental, high n-3 supplemented group; %E, percentage of total energy intake; n-3 HUFA, highly unsaturated n-3 fatty acids ((EPA + DPA + DHA); n-9, n-6, n-3). Mean value was significantly different: a P < 0·05 from EXP-Mod, b P < 0·001 from CON. * Total energy and macronutrient intakes were estimated by recipe analysis of foods eaten performed using the Pennington MENu database, an in-house database and software system that uses the US Department of Agriculture's National Nutrient Database for Standard Reference. To estimate the average daily fatty acid intakes, the fatty acid composition of the foods provided for each of the 8 d of the menu cycle was determined by chemical analysis, and then the 8 d average for each of the fatty acids of interest was multiplied by the average amount of food consumed each day.
on the diet, satisfaction ratings had declined somewhat to 4·72 (SD 1·14), and ratings remained lower for the remainder of the study compared with after the 1st week. Despite the slight decline in satisfaction ratings over the course of the study, the ratings remained above 4, the neutral point on the ratings scale.
Blood fatty acids Table 3 shows the plasma fatty acid concentrations (nmol/ml) for each of the participant groups before and after 5 and 10 weeks of the dietary intervention. Plasma SFA did not change as a result of the dietary intervention, and there were no differences in plasma SFA between groups at any time. There were no differences in MUFA between groups before the dietary intervention began, but changes in MUFA during the intervention differed between groups. CON exhibited a decrease in plasma MUFA, and MUFA concentrations were less than in EXP-Mod and EXP-High. The decrease in MUFA in CON was largely attributable to a decrease in oleic acid, between weeks 0 and 5, which persisted through week 10. In contrast, MUFA of the EXP-Mod and EXP-High remained unchanged (except for nervonic acid, which increased) throughout the dietary intervention. Plasma n-6 PUFA did not differ between groups before the dietary intervention. However, after 5 weeks of the intervention, total plasma n-6 PUFA in the CON remained unchanged (except for adrenic acid which decreased slightly), whereas in the EXP-Mod and EXP-High groups, plasma n-6 PUFA decreased and were lower than in CON, principally due to decreased linoleic and AA, and those changes persisted through week 10. Plasma n-3 PUFA did not differ between groups before the dietary intervention, and remained unchanged throughout the intervention in the CON group. However, in both the EXP-Mod and EXP-High groups, plasma n-3 PUFA increased after 5 weeks of the intervention, and the increase persisted through week 10 of the intervention. The increased n-3 PUFA were primarily attributable to large increases in the n-3 HUFA, EPA and DHA, although DPA was also increased in the EXP-High group. Further, during both week 5 and week 10 of the intervention, plasma n-3 HUFA were higher in the EXP-High than EXP-Mod group After week 10 of the intervention, the percentage of total HUFA comprised of n-6 HUFA (not shown in table) in the CON group averaged 82 (SD 1) %, which was not different from week 0 before the intervention. In contrast, for the EXP-Mod and EXP-High groups, the percentage of total HUFA comprised of n-6 HUFA after week 10 of the intervention averaged 64 (SD 6) and 54 (SD 5) % (P < 0·05), respectively, both of which were lower (P < 0·05) than their respective week 0 values and lower (P < 0·05) than in CON at that same time.
Changes in erythrocyte fatty acid concentrations of the CON, EXP-Mod and EXP-High groups during the 10-week dietary intervention are shown in Table 4 . Changes in erythrocyte fatty acid concentrations qualitatively mirrored the changes in plasma fatty acids during the intervention, with a few exceptions. Erythrocyte MUFA concentration increased (principally oleic, vaccenic and nervonic acids) in the EXP-Mod and EXP-High group by week 5 of the intervention and remained increased through week 10, in contrast to plasma concentrations which were unchanged. Also, the decrease in erythrocyte n-6 PUFA in both experimental groups during the intervention appeared somewhat more pronounced than the decrease in plasma values, in that n-6 PUFA concentrations continued to decrease between weeks 5 and 10, whereas there was no additional decrease in plasma concentrations after week 5. Finally, the n-3 HUFA, DHA, was greater for the EXP-HIGH than EXP-Mod participants, at both weeks 5 and 10, whereas the corresponding differences in plasma DHA were not statistically significant. Fig. 2 depicts the Omega-3 Index calculated for each group before the intervention and after weeks 5 and 10. There were no differences in Omega-3 Index between groups before the intervention, and the Omega-3 Index of the CON group remained unchanged throughout the intervention. However, after 5 weeks of the intervention, Omega-3 Index of the EXP-Mod and EXP-High groups was higher than during week 0, and Omega-3 Index in the EXP-High was higher than in EXP-Mod. Omega-3 Index of the EXP-High group continued to increase through week 10 of the intervention, whereas in the EXP-Mod group, the week 10 value was unchanged from the week 5 value.
Blood lipids
There were no significant differences between groups in measures of fasting plasma TAG, total cholesterol, LDL or HDL at any time, and none of the groups exhibited significant changes in any of the plasma lipid values during the intervention (data not shown). All values for these parameters were within normal clinical ranges for healthy young adults.
Mood/emotional state
Measures describing mood and emotional state are reported in Table 5 . There were no differences between groups in any of the mood or emotional state measures at any time during the study. Although the vigour and fatigue scores from the POMS appeared to vary between weeks (significant main effect), there were no significant pairwise differences between means of any group over time, nor were there any significant interactions between group and week effects. No consistent relationship between plasma or erythrocyte fatty acids and measures of mood or emotional state was apparent, nor were any relationships between changes in plasma or erythrocyte HUFA with measures of mood or emotional status. Weeks on diet ) and experimental-high n-3 supplemented group (EXP-High, ) before beginning the dietary intervention, and after 5 and 10 weeks on the intervention diets. * Significantly different from the corresponding group average for week 0 (P < 0·05). † Significantly different from the corresponding group average for week 5 (P < 0·05). ‡ Significantly different from CON at the same time point (P < 0·05). § Significantly different from EXP-Mod at the same time point (P < 0·05). Week 0
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Discussion
Previous studies (17) (18) (19) demonstrate that dietary interventions which lower intake of n-6 PUFA can improve n-3 HUFA status in the body, with or without a concomitant increase in n-3 PUFA intake. However, those studies employed fairly restrictive regimens and supplementation to achieve major adjustments in dietary intake that are impractical for implementation in dining facilities serving people who are eating ad libitum. Our study is the first to evaluate the efficacy of a more practical dietary intervention for improving n-3 HUFA status that is suitable for implementation in collective group feeding settings like cafeterias and military garrison dining facilities. We investigated how swapping specific foods and food ingredients in the US Military's standard, 28-day Garrison Dining Facility Menu affected blood fatty acid and lipid profiles of participants consuming these foods. Overall, our findings indicate that this dietary intervention improved plasma and tissue n-6 and n-3 HUFA profiles in healthy, young adults.
In the experimental diets, the primary foods swapped included eggs, chicken and grass-fed beef from animals raised on feeds having high oleic acid content and low LA content, which replaced eggs, chicken and beef from animals raised on traditional (i.e. high LA content) used in the CON diets. In addition, the tuna fish used for the experimental diets was packed in olive oil whereas the standard tuna used in the CON diets was packed in soyabean oil. Also, the standard salad dressings, mayonnaise and peanut butter used in the CON diet were replaced with matching products made with high oleic soya oil and fortified with n-3 fatty acids, and wherever standard soyabean oil or margarine was used in CON diet recipes, high oleic soya oil and butter were substituted in experimental diet recipes. The control and experimental diets were indistinguishable to study participants and research staff (both blinded to the intervention assignment), and participants in all three groups rated their diet positively. As a result of the dietary intervention, participants in the two experimental groups consumed greater amounts of oleic acid and n-3 HUFA and less n-6 PUFA than consumed by the CON group (Table 2 ). In addition, the EXP-High group received a daily smoothie fortified with n-3 PUFA, so they consumed greater amounts of n-3 PUFA than the EXP-Mod and CON groups ( Table 2) , who received a same non-fortified, placebo smoothie.
Consistent with our hypothesis, both of the intervention diets improved n-3 HUFA status in our participants. Although plasma and erythrocyte concentrations of EPA and DHA in participants consuming the CON diet remained unchanged, plasma and erythrocyte concentrations of EPA and DHA and the Omega-3 Index increased in both experimental groups after 5 weeks on the intervention diet, and concentrations in both groups were higher than in the CON group. The additional dietary n-3 HUFA provided to the EXP-High group in the daily fortified smoothie caused erythrocyte and plasma EPA and DHA concentrations and the Omega-3 Index to increase even more than the increases exhibited by participants in the EXP-Mod group. Continuing the intervention diet through the 10 week had no additional effect on plasma and erythrocyte EPA and DHA concentrations in the EXP-Mod group, but erythrocyte EPA and DHA concentrations and the Omega-3 Index in the EXP-High group who received the daily n-3 HUFA fortified smoothie continued to increase between the 5th and 10th week on the diet. Thus, the swapping approach we employed to decrease LA acid and increase n-3 HUFA in diets produced a substantial improvement in tissue n-3 HUFA status in the experimental groups in only 5 weeks.
Both experimental groups also exhibited reductions in plasma and erythrocyte LA and AA compared with before starting the diet (week 0), and compared with the CON group at week 5. Not all previous investigations have observed reductions in tissue AA with this type of intervention. Wood et al. (17) reported that reducing dietary n-6 PUFA intake produced reductions in plasma and erythrocyte LA without any change in AA. However, the intervention diet in that study only lasted 4 weeks, which may have been insufficient to produce a reduction in AA. In addition, in the study reported by Wood et al. (17) , LA intake of participants before beginning the intervention diet averaged 4·6 % energy intake, and the 4-week intervention only reduced LA intake to 2·0 % energy intake. In contrast, pre-study LA intakes of our participants averaged 7·5 % energy intake (pre-study 24-h recall, data not shown). Further, during our 10-week study, daily LA intake of CON participants averaged 8·7 % energy intake, compared with 3·3 and 3·2 % for the EXP-Mod and EXP-High participants. Thus, the reduction in plasma and erythrocyte AA exhibited by the participants in the two experimental groups in our study may be at least partially attributable to the more pronounced reduction in LA intake compared with the intervention used by Wood et al. (17) . In addition, n-3 HUFA intake of participants in both of our experimental groups was increased compared with intakes in the CON group (see Table 2 ), and others have reported that decreased n-6 PUFA intake combined with increased n-3 HUFA intake produced a decline in plasma (18) and erythrocytes (19) AA levels, whereas diets that only reduced n-6 PUFA did not alter tissue AA levels (18, 19) . Increasing dietary n-3 HUFA while dietary LA is also reduced is thought to increase competition for the desaturation and elongation enzymes in tissues that is required for metabolism of n-3 and n-6 fatty acids such that formation of DHA is favoured and formation of AA is reduced. Finally, besides having lower LA content, the foods in the intervention diets provided to the EXP-Mod and EXP-High participants in our study were lower in AA than foods in the CON diet. Therefore, our findings confirm and extend earlier findings by demonstrating that tissue (plasma and erythrocyte) AA levels can be reduced in only 5 weeks when both a reduction in dietary LA (and AA) and an increase in dietary n-3 HUFA are sustained. However, our data do not address whether a reduction in tissue AA levels would have clinical implications vis-à-vis inflammation as others have speculated (18, 39, 40) .
Some research indicates that risk of sudden cardiac death (SCD) and/or CHD may be lower when SFA intakes are reduced and MUFA and LA intakes are increased (41) (42) (43) . However, despite the substantial reduction in LA intake and increase in MUFA (primarily oleic acid) in the diet consumed by our experimental groups, we observed no changes in fasting plasma TAG, total cholesterol, LDL or HDL, biomarkers thought to reflect risk of SCD or CHD. On the other hand, erythrocyte Omega-3 Index increased to over 5 % by the 5th week on the diet in the EXP-Mod participants in our study, and Omega-3 Index increased even more in the EXP-High group who consumed the n-3 fortified smoothie, reaching over 7 %. Those changes correspond to n-3 HUFA levels associated with a 50-70 % reduction in risk of SCD among 278 participants in the Physicians Health Study who were followed for 17 years (44) . Further, Harris & von-Schacky (28) examined the relationship between the tissue Omega-3 Index and CHD risk observed in a number of epidemiological and randomised controlled intervention studies, and concluded that levels ≥4 % represented the threshold for protection, and levels ≥8 % provided the greatest risk reduction. Presumably the changes in n-3 HUFA status we observed in our participants would have to be sustained much longer to achieve a meaningful reduction in SCD and CHD risk.
Dietary intake of n-3 and n-6 PUFA has also been suggested to modulate mood and psychological status (10) (11) (12) 14, 45) . In our study, we observed no differences in indices of mood and emotional state between the groups at any time, before or after consuming the intervention diets for 5 or 10 weeks. Further we observed no association between changes in tissue HUFA levels and mood during the study. However, the effects of anti-depressive treatments are related to the severity of depressive symptoms exhibited by the patient (46, 47) , and our participants were all young, healthy adults, and scores for mood and emotional state assessments were at the very lowest end of the response scales, indicating that these participants had no underlying mood disorders or symptoms of anxiety or depression. Nevertheless, our observations indicate that the experimental diets had no adverse effects on mood or symptoms of anxiety or depression.
A unique aspect of this study was that we evaluated a very practical dietary intervention that would be feasible for implementation in group dining facilities which cater to a diverse group of diners with a wide range of food likes and dislikes. As described previously, we used a swapping process to substitute certain high oleic acid/low LA foods for the 'like' high LA acid containing foods typically used in eight of the menus from the US Military's standard, 28-day Garrison Dining Facility Menu. Almost all (92·8 %) of the reduction in the LA intake for the two experimental groups resulted from swapping high LA containing condiments and sauces in the standard menu with low LA/high oleic acid replacement items identical in appearance. Disregarding the n-3 fortified smoothie consumed by the EXP-High participant group, most of the increased n-3 HUFA intake for the experimental groups was achieved by swapping specially produced, high n-3 fatty acid containing eggs (33·3 %) and condiments and sauces (36·3 %) for the ordinary eggs, condiments and sauces used in the standard menu consumed by the control participants. Swapping tuna fish packed in olive oil to replace the tuna fish packed in soyabean oil in the standard diet accounted for another 26·9 % of the increase in n-3 fatty acid intake in the experimental diets. The specialty chicken and grass-fed beef products from animals raised on diets that aimed to lower n-6 and raised n-3 fatty acid content of the meat actually accounted for only a small part of the increased n-3 fatty acid intake (3·3 and 0·3 %, respectively) when they were used in the experimental diets to replace the ordinary beef and chicken in the standard diet. Thus, the experimental diets affected n-3 fatty acid status by both the direct effect of increased consumption of preformed n-3 HUFA, as well as to the secondary effect of decreased competition from LA for the enzymes that catalyse conversion of ALA into n-3 HUFA. This is apparent from the observation that even though erythrocyte levels of n-3 HUFA and erythrocyte Omega-3 Index values rose higher in participants provided the smoothie fortified with n-3 HUFA, n-3 HUFA levels more than doubled and Omega-3 Index rose by about 60 % in participants provided only the swapped diet without the fortified smoothie.
This study had some limitations. The participants were healthy young American adults, who typically consumed diets relatively high in n-6 fatty acids and low in n-3 fatty acids, so results may not be generalised to populations subsisting on a substantially different diet. Compliance with the dietary interventions imposed on our participants was high, since all meals consumed over the 10-week study were prepared by the study team, served in measured portions designed to maintain neutral energy balance for each individual, and most of the meals served each participant onsite were consumed in their entirety under the direct observation of study staff. Whether providing the intervention diets to consumers eating ad libitum would have the same quantitative impact on body n-3 HUFA status as was observed in our participants is not known. Finally, our findings do not address the clinical significance of the changes in n-3 HUFA status that the intervention diets produced for patients suffering depression or metabolic disorders (e.g. hyperlipidaemia), since our participants were all healthy, not suffering any illnesses that might be impacted by changes in n-3 fatty acid status, and the intervention only lasted for 10 weeks. Future studies should investigate whether different patient populations at higher risk of for CVD, SCD, psychiatric or neuroinflammatory disorders would exhibit more pronounced clinical effects with long duration dietary interventions.
Conclusion
In conclusion, we have demonstrated that swapping high LA containing foods and food ingredients typically used in the US Military's standard, 28-day Garrison Dining Facility Menu, and replacing them with similar high oleic acid/low LA and high n-3 fatty acid foods substantially improved n-6/n-3 blood fatty acid status of people consuming these foods in a relatively short period of time. The specialty meat and eggs used in the experimental diets can be produced at a commercial scale, with only a modest increase in retail cost. The shelf life of these specialty foods is equal to current products. The specialty condiments, high oleic oils and n-3 fortified smoothie used in this study are already commercially available. The modest dietary adjustments are well accepted by diners, and are feasible for implementation in group feeding settings such as military dining facilities and other types of cafeterias, with little added cost.
